Introduction
Heterothallic Mucorales exhibit a primitive form of sexuality which is regulated by the hormone trisporic acid [ 1, 2] . When vegetative hyphae of the opposite mating types (+) and (-) grow in close proximity, allowing the exchange of prohormone signals and the collaborative biosynthesis of trisporic acid, the activities of the two strains are redirected towards sexual differentiation, which is manifest initially by the appearance of the sexual hyphae, zygophores. Zygophores of opposite mating type grow towards one another and fuse on contact, which usually occurs close to their apices. Cohesion occurs within 15-45 min making the paired zygophores difficult to pull apart [3] and the fusion walls lose a separate identity [4] . Since vegetative intercellular fusions do not occur in Mucorales, it may be that zygophore cohesion is due to specific surface components that do not occur on other parts of the thallus. This paper presents results of a study to determine whether there are specific antigenic determinants on zygophores that differ from those on vegetative and asexual cells, and if so, whether they could be ascribed a role in the process of zygophore fusion.
Materials and Methods

Organisms
Mucor mucedo (L. ex Fres.) Brefeld strains Z46 (+) and Z43 (-) as used before [5] ; and Mucor hiemalis (Wehmer) strains Zla (-) and Z2a (+), were grown on a medium of malt extract (Oxoid) (2%), glucose (B.D.H., Analar) (2%), agar (Oxoid, No. 3) (2%). Phycomyces blakesleeanus (Burgeff) (NRRL 1554 (+) and NRRL 1555 (-)) as used before [5] was grown on malt extract (2%), agar (2%).
Antigen preparation
The zygophore antigens (ZA) were produced by growing the individual strains ofM. mucedo from a central inoculum in 9 cm diameter petri dishes of medium (15 ml) containing 100-200 #g m1-1 trisporic acids (produced by the method of Bu'Lock and Winstanley [6] ) which resulted in cultures producing zygophores but not sporangiophores. After 7 days at 20°C the plates were placed on a shelf in a deep freeze for 1 h to freeze the agar and mycelium. Cultures were then flooded with liquid nitrogen and the aerial zygophores were scraped off with a pre-cooled scalpel blade. The zygophore material was immediately freeze dried; about 7 mg per plate was obtained.
"Complete vegetative antigen" (CVA) of (+) and (-) M. mucedo was produced from mycelium grown from a central inoculum on a film of washed and sterilised cellophane (PT 300) overlying the agar medium. After incubation at 20°C for 5-7 days the mycelium was stripped from the cellophane, ground to a fine powder under liquid nitrogen and freeze dried.
The antigens, which contained 100-150 gg mg -1 protein, determined using Folin's reagent with bovine serum albumin as standard [7] , were stored at -20°C until used.
Immunological methods
Antisera were raised in rabbits (Dutch, female) against whole zygophore and whole mycelium prep-182 arations. The antigens were dispersed in phosphate buffered saline pH 7.4 by ultrasonic treatment for 1 rain in an ice-cooled, sterile glass vial. The ultrasonic probe was cleaned in chromic acid, ethanol and distilled water between treatments to prevent cross contamination of antigens. Rabbits were injected (1 ml) with a 1 : 1 mixture of antigen suspension and Freund's complete adjuvant (Difco) homogenized by ultrasonication for 30 sec. Immunisation was by injection into the node behind the knee joint or intramuscularly in the back. The immunisation schedules were as follows: (a) ZA: day 1,50 rag; day 21, 25 rag;bled on days 31,35, 39; rested 6 months; then day 1', 18 rag; day 7', 30 mg; day 14', 45 mg; day 21', 65 mg; bled on day 28'; (b) CVA: day 1, 18 rag; day 7, 30 rag; day 14, 40 rag; day 21,70 rag;bled on day 28. Serum was obtained from blood collected from the rabbits' marginal ear veins. Since the antisera showed only weak reactions with antigens in immunodiffusion assays, the antisera were fractionated to separate 7-globulins by double precipitation with saturated ammonium sulphate, pH 7.2; first at 50% and then 40% saturation [8] . Precipitated globulins were centrifuged at 4°C, dissolved in distilled water (10 ml)~ dialysed twice against distilled water (3 l) and twice against 0.85% saline (3 1), and reduced in volume (2-5-fold overall) by vacuum dialysis.
Immunofluorescent staining of mycelial surfaces
Cultures ofM. mucedo, M. hiemalis andP. blakesleeanus were grown on agar overlaid with the cellophane film by (a) allowing a colony of (+) and one of (-) to grow towards one another to produce a zone of sexual structures, and (b) inducing a single strain colony ofM. mucedo to produce zygophores by the application of trisporic acids to wells cut in the agar.
Portions of mycelium on the cellophane backing were excised with a scalpel, transferred to a cavity slide containing 1.0 M saline (50/zl) and the tissue and cellophane separated. Antiserum (10 ~) was added in fresh saline (50/11) and allowed to complex with surface antigens for 30 min at room temperature. Excess antiserum was removed by washing with saline (3 × 100 gl). The mycelium was then treated with fluorescein isothiocyanate (FITC) conjugated goat anti-rabbit IgG (Miles Labs., Stoke Poges, Bucks, U.K.) (1 ~ ofa 1 : 10 dilution) in fresh saline (50 ~) for 30 min at room temperature. Mycelia were washed free of unbound antibody with saline (3 × 100/al), and mounted in saline on a microscope slide. Specimens were examined by dark field transmitted ultraviolet illumination with a Reichert Zetopan microscope having a HBO 200W super pressure mercury lamp and fitted with filters: F1TC-490 interference excitor, BG38 red suppressor and OG515 or OG530 barrier.
For comparative purposes a portion of untreated mycelium was always mounted alongside the antisera treated tissue. Fluorescein-bound tissue was easily distinguished by its characteristic bright green fluorescence, whilst unbound or untreated tissue had a faint blue-green autofluorescence. A check was always made by viewing the specimen without the BG38 filter whereupon the non-FITC bound tissue appeared red but the green of fluorescein persisted. The sequential addition of rabbit antiserum to M. mucedo cell surfaces and the FITC-conjugated goat antiserum to rabbit globulins was required for the cell surface binding sites to be visualised, otherwise only autofluorescence comparable with untreated tissue was observed.
Results
The binding of zygophore-specific antibodies to cell surfaces was detected by the method of indirect immunofluorescence. Both anti-zygophore sera were very specific, and bound only to zygophores and not to mature vegetative hyphae or growing hyphal apices. No differences were seen in antiserum binding to zygophores of different mating types since both the antiserum raised to (+)ZA and the antiserum raised to (-)ZA bound to both (+) and (-) zygophores equally well. Very young progametangia bound the zygophore antibodies very slightly, but this ability was quickly lost as they matured. The only fluorescence observed on vegetative hyphae treated with zygophore antisera was at the open end of those ruptured during handling and was presumably due to binding to cytoplasmic constituents. The zygophores were stained with fluorescein uniformly along their length with a distinct discontinuity at the point where the zygophore joined the non-fluorescent hypha (Figs. 1,2 ).
Immunofluorescence micrographs of M. mucedo. Zygophore initials were readily identifiable by their fluorescence (Fig. 2) .
These antisera for zygophore surfaces were not 183 species-specific. Zygophores from the mating zone of M. hiemalis were readily distinguished from sporangiophores by their bright fluorescence after treatment with antiserum to either (+)ZA or (-)ZA from M. mucedo and FITC anti-rabbit (goat) IgG. However, this treatment did not stain the zygophores of
P. blakesleeanus.
The ability of the anti-(+)zygophore or anti-(-)-zygophore serum to bind either (+) or (-) zygophores was lost if the antisera had been previously absorbed with (+)ZA or (-)ZA. The fluorescent intensity of (+)zygophores treated with anti-(+)zygophore serum cross-absorbed with (+)CVA was lower than that obtained using unabsorbed antiserum, indicating that some zygophore staining is due to non-specific antigens.
Antibodies raised to (+)CVA and (-)CVA bound to all cell surfaces including zygophores and vegetative hyphae of both mating types with equal intensity.
Discussion
The antibodies raised to ZA were specific for zygophores. However, since antiserum to CVA bound to both vegetative hyphae and zygophores, there must be antigenic determinants common to both cell surfaces. This is emphasised by the cross absorption experiment using (+)CVA to remove common components from antiserum to (+)ZA and which resulted in a reduced binding of the antiserum to (+)zygophores. This high specificity of the antisera to ZA may be because the non-specific antigen(s) on zygophore surfaces are not so strongly immunogenic.
Although the antisera were raised to whole cell preparations, by using the antisera on fresh, unfixed tissue of Mucor there was little chance of interference by cytoplasmic antigens (except where obvious breakage had occurred) and all the interactions described here were with mycelial surfaces. M. mucedo is an excellent choice of species for examining sexual differentiation in Mucorales because the zygophores are formed aerially and they are easily distinguished from other aerial mycelium such as the asexual sporangiophores and this facilitates harvesting for antigen. In the closely related species M. hiemalis the zygophores are also formed aerially but are indistinguishable from sporangiophores. However by this immunofluorescence technique the zygophores of M. h&malis could be readily identified by their strong fluorescence. This was not the case with P. blakesleeanus where the zygophores are formed in or on the sub-stratum and were not visualised by immunofluorescence.
The zygophore surface antigens were not localised but present uniformly along the length of the zygophore (Figs. 1,2) . This is in contrast to the binding of FITC-wheat-germ agglutinin which was at the zygophore apices [9] . However, the chemical nature of the antigens is not yet clear.
A competent sexual system in Mucorales requires the mutual recognition of zygophores of opposite mating type to allow conjugation. However, zygophore-zygophore fusions are not species specific since interspecific sexual interactions are common [ 1 ] . The results described here show that it did not matter if the antibodies had been raised to (+)ZA or (-)-ZA, both bound to both (+) and (-)zygophores but not vegetative hyphae. Thus, the zygophore surface differs from surfaces of other parts of the thallus and this difference could play a role in zygophore agglutination.
